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Accomplishments

Solar system magnetospheres can be divided into two groups: induced and intrinsic. The
induced magnetospheres are produced in the solar wind interaction of the magnetized solar wind
with planetary obstacles. Examples of these magnetospheres are those of comets, Venus and
Mars. Intrinsic magnetospheres are the cavities formed in the solar wind by the magnetic fields
produced by dynamo current systems inside the planets: Mercury, Earth, Jupiter, Saturn, Uranus
and Neptune are known to have intrinsic magnetospheres. Intrinsic magnetospheres can be
further subdivided as to how the circulating plasma is driven by external or internal processes.
The magnetospheres of Mercury and Earth are driven by the solar wind. The magnetospheres of
Jupiter and possibly of Saturn are principally driven by internal processes. These processes
provide the energy for the powerful jovian radio signals that can be detected easily on the surface
of the Earth.

The circulation process in the jovian magnetosphere is not steady. Part of this
unsteadiness may be due to the engine that drives the circulation: the mass loading at Io; part of
the unsteadiness may be associated with variations in the coupling of the magnetosphere with the
ionosphere during the transport process, and part is due to the temporally varying nature of
reconnection in planetary magnetospheres. Temporally varying reconnection on the nightside of
the terrestrial magnetosphere has been called a substorm. We use the same term for the
analogous process at Jupiter but in fact we have studied the entire process leading up to the onset
of the substorm as well as its aftermath. Before listing the various papers presented and
published as part of this effort we will review why there must be substorms in the jovian
magnetosphere.

The moon Io adds about 1 ton of molecular sulfur compounds in the form of ions into the
magnetosphere every second. The density of ions builds up until the rotating torus of plasma has
sufficient angular momentum that it stretches out the magnetic field, and causes whole tubes of
magnetic field and plasma to move outward. This cannot go on unchecked because net magnetic
field cannot be removed from Jupiter. The magnetic flux is set by the currents deep within
Jupiter. Thus the ions must be separated from the magnetic field. This can be done in two ways.
The ions can be scattered along the magnetic field so that they are lost into the atmosphere or the
field line can be stretched to the “breaking point” and a magnetized island of ions is formed
where the magnetic field loops back on itself and there is no net magnetic flux. This essentially
empties a magnetic flux tube which is there free to move back into the magnetosphere. At the
beginning of this study grant we had only a glimmering of how this process worked but now at
the end of the study we understand it quite well.



The overall circulation process from Io, through the magnetosphere to the reconnection
site and back was synthesized in a series of presentation and published papers [1.1, 1.4, 1.11,
1.12, 2.4]. (These numbers refer to the papers in the attached bibliography). These ideas were
also incorporated into several more general reviews of planetary magnetospheres 1.3, 1.7, 2.5].
Individual processes that contribute to the overall under steady circulation were also examined.
Beginning in the region of the Io torus we created a “ring current index” to study the long term
variation in the magnetodisk current [1.10, 2.7] and to attempt to understand the bizarre behavior
of the star sensor background count rate an orbit C22 [1.6, 1.9, 2.8]. This study showed that the
magnetic field in the inner magnetosphere of Jupiter does not vary much and pointed the finger
at the volcanism of Io for disrupting the inner magnetosphere of Jupiter and energizing the
particles that caused “false” counts in the star sensor.

The next part of the story involves the fluctuations seen in the middle magnetosphere
which is relevant to the scattering losses of the mass loaded ions. This was supported by a
separate grant. Suffice it to say that there is lots of scattering but it seems insufficient to cause
the requisite loss of plasma.

Out further in the magnetosphere the rotating plasma is sufficient to stretch the field
configuration into a magnetodisk, a tail-like configuration at all local times. The inner edge and
the outer edge of this region are unstable. The curved magnetic field lines are in force balance so
that we can use the observed magnetic configuration to determine the mass of the magnetodisk
[1.2, 2.1]. The orbit to orbit variability of this force balance indicates that the circulation of the
plasma is quite unsteady.

The current sheet in the magnetodisk itself is quite interesting and important for
understanding the reconnection process. Small tearing islands appear to form but remain
quiescent until they later grow to a size that reaches the empty lobe field lines above and below
the current sheet. This control by the local plasma conditions is an important lesson for the
behavior of our own magnetosphere [1.7, 2.2].

When explosive reconnection occurs, a large portion of the current sheet is disrupted and
a magnetized island of heavy ions is released down the tail. This process is responsible for the
large time variations seen in the near tail region from midnight to 3 AM LT and beyond 50 R;

[1.7,2.3].

The emptied flux tubes can “float” inward again the outward flow of the heavily laden
flux tubes because they have been emptied and are buoyant. Somewhere in their inward motion
the region of emptied flux appears to break up into slender flux tubes. These slender flux tubes
can be seen easily against the torus plasma laden tubes because they have a greater field strength.
This difference in field strength makes an excellent probe of the plasma pressure and therefore of
the beta of the plasma [1.5, 1.8, 2.6, 2.9].

In short, we were able to attach the entire plasma circulation process involved in the
jovian substorm, from Io out to the near tail and back again.
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